Background. Propranolol is an effective method of treatment for infantile hemangiomas (IH). A recent concern is a shift of the therapy into outpatient settings.
Infantile hemangiomas (IH) are the most common benign tumors of infancy, affecting about 10-12% of infants, including 20-30% of babies born prematurely. 1 Their natural development includes a phase of intensive growth (proliferation) lasting up to 18 months of age and a phase of slow disappearance (involution). In 40% of children, the IH does not leave traces or minimal residues. 2 However, in most cases, lesions involute leaving telangiectasia, scars, excess skin or so-called fibrofatty residua. Extensive or ulcerated IHs with localizations impairing vital functions (such as periocular IH), causing a significant cosmetic defect or directly threatening life with no access for surgical excision are an important clinical challenge, classified as inoperable. Attempted chemotherapeutic approaches have included, among other things, steroids or interferon α, with unsatisfactory results. In 2008, a revolutionary successful pharmacological therapy was discovered: propranolol. 3 Thanks to its rapid and spectacular results with minor side effects, propranolol is currently considered the first-line drug in the treatment of IH.
Research is still being carried out to understand the exact mechanism of action of propranolol on IH, to determine effective doses and the optimal algorithm of the therapy. Recently, the safe introduction of the drug in outpatient settings is being discussed. 4, 5 The aim of the study was to evaluate the safety of initiating and maintaining propranolol for IH in children based on cardiology and biochemical studies and the occurrence of adverse effects.
Material and methods
The analysis included 55 consecutive cases of infants with IH treated between 2011 and 2014. The criteria for inclusion were lesions that were inoperable, extensive, ulcerative, that impaired important vital functions, caused a significant cosmetic defect, or affected internal organs.
The Bioethics Committee at the Pomeranian Medical University (Szczecin, Poland) approved the study protocol and consent forms. Written informed consent was obtained from the legal guardians of all of the study participants and recorded in the patient files.
Methods
After taking patient histories regarding the coexistence of risk factors for IH, the following clinical interventions were applied before treatment, during treatment and at the follow-up 1.5 months after treatment:
1. Physical examinations including assessments of the location, size, color, and consistency of the lesion.
2. Cardiac examinations including electrocardiography (ECG) and echocardiography with Doppler (ECHO), carried out by the same pediatric cardiologist, along with blood pressure (BP) and heart rate (HR) measurements. 3 . Basic laboratory tests: blood count, ionogram, blood glucose concentration, aspartate transaminase (AST), and alanine transaminase (ALT).
4. The protocol of the initiation of propranolol, divided into 2 doses (at 8:00 am and 8:00 pm), was 0.5 mg/kg/day on day 1, 1 mg/kg/day on day 2, 1.5 mg/kg/day on day 3, and 2.0 mg/kg/day on day 4.
The treatment was carried out in the hospital for 4-5 days with HR, BP, saturation, and 4-fold blood glucose monitored over 24 h; the treatment was then continued on an outpatient basis. The parents were taught to measure the pulse and glucose at home.
The therapy was continued until the child was at least 1-year old, when complete involution was observed or there was no further improvement. The drug was discontinued gradually, reducing the dosage over the next 1-3 months.
Statistical analysis
All continuous variables were checked for the normality of distribution using the Kolmogorov-Smirnov test. These variables were described as averages, medians, standard deviations, quartiles, and minimum and maximum values. The statistical differences between the 2 groups were tested with Student's t-test and the Mann-Whitney test. For multiple groups, multiple analysis of variation ( MANOVA), analysis of covariance (ANCOVA) or the Kruskal-Wallis test were used. Discontinuous variables were described by the number and frequency of occurrence. Pearson's χ 2 test was used for discontinuous variables. The statistical analysis was carried out using Stata v. 11 statistical software (StataCorp LLC, College Station, USA).
Results
Four children were excluded during the qualification or during the initiation of the therapy, for the following reasons: increased liver parameters (AST and ALT), worsening dyspnea symptoms due to laxity of the larynx, and arrhythmia in the form of bradycardia and paroxysmal tachycardia in 2 children. Extended cardiac diagnostics in these children did not show any abnormalities, but the parents did not agree to resume the treatment. A total of 51 patients were subject to the final analysis ( Table 1 ). The corrected age at the time of initiating treatment in prematurely born children was after newborn age. Bronchopulmonary dysplasia observed in prematurely born children was not a contraindication for the inclusion in the study, as the patients with this conditions did not require pharmacological treatment.
The total number of IHs present in 51 patients was 79. Infantile hemangiomas complicated with ulceration were found in 12 children (15%).
All the children showed clinical improvement after the treatment. The detailed results were the subject of a previous publication. 6 The best therapeutic effect was obtained in the group of the youngest children, who started the treatment up to the 6 th month of life. The final therapeutic effect in the form of complete atrophy of the IH was noted in 69% of the children in this group. In the 6-12-month-old children, complete involution was observed in 56%, while among patients who started treatment after 1 year of age, complete involution was seen in 25%.
Cardiac examination
The ECG examinations performed before, during and after the treatment were within the normal range.
The ECHO scans performed before the treatment was induced showed patent foramen ovales (PFOs) in 24 children and an atrial septal defect (ASD II) in 3 cases. In 1 child, the defect in the ASD coexisted with a perimembranous ventricular septal defect (VSD). The defects found in the ECHO scans were not contraindications for treatment with propranolol. In the control examinations after the full therapeutic dose was reached, a PFO was observed in 1 child, tricuspid regurgitation of the 1 st degree without hemodynamic significance in 1 case and accelerated flow in the pulmonary artery in 1 case. In the next examination performed during treatment (after 1 month), ASDs II were present in 2 children, VSDs in 1 and PFOs in 19 children. At the follow-up 1.5 months after treatment was ceased, there were ASDs II in 2 children, a VSD in 1 and PFOs in 5 children.
The HR was between 117 bpm and 160 bpm in all patients, while after switching to the full therapeutic dose, it dropped by 18 bpm (98-136 bpm on average). The decrease in the HR after the full dose was reached was statistically significant in relation to the parameters before the treatment (p = 0.0001) ( Fig. 1 ). Further HR values in the ambulatory controls remained lower than the initial pretreatment parameters. However, in the maintenance period after 2 weeks of treatment, mean HR values increased in relation to the HR just after the full therapeutic dose was reached (p = 0.0039). Changes in mean HR values after discontinuation of the drug were not statistically significant, but showed a slight increase. During all the outpatient measurements, the mean HR parameters were normal in relation to age (114-122 bpm), with a minimum value of 80 bpm. One patient presented an episode of bradycardia during an ambulatory examination by a family doctor; this was not confirmed during a later cardiac check-up. Heart rate reference values were based on the recommendations of a group of European experts ( Table 2 ). 5 No hypotension was observed in any of the children before treatment (BP > 5 th percentile). Reference values were interpolated for age from 1 month to 1 year as follows: systolic blood pressure (SBP): P5 = 70 mm Hg, P90 = 105 mm Hg; diastolic blood pressure (DBP): P5 = 36 mm Hg, P90 = 66 mm Hg. 7 Mean SBP was 103 mm Hg (80-124 mm Hg), whereas after treatment with the full therapeutic dose it dropped by an average of 10 mm Hg to a mean SBP of 93 mm Hg (74-119 mm Hg). The mean SBP was significantly reduced relative to pretreatment parameters only after the full therapeutic dose was reached (p = 0.00001) and in the first 3 months of treatment (p < 0.039) (Fig. 2) . The average SBP during all outpatient monitoring was normal (92-102 mm Hg), reaching lower values in the first 3 months of treatment. After 4 months of treatment, a significant increase in the average SBP (by 7 mm Hg) was observed (p = 0.0106). After the drug was discontinued, an increase in the mean SBP was noted, but it was not statistically significant in comparison to the results of the preceding check-up.
The parameters of the mean SBP were within normal limits, both before and after treatment. Values of SBP below the standard in individual measurements were sporadic (7 SBP measurements (2%) were below the 5 th percentile) and were asymptomatic.
Mean DBP was 61 mm Hg (39-84 mm Hg), while after reaching the full therapeutic dose of the treatment, it decreased by an average of 8.7 mm Hg to a mean DBP of 52.4 mm Hg (40-72 mm Hg). The average DBP values were significantly reduced compared to pretreatment parameters only after the full therapeutic dose was reached (p = 0.00001) and during the first 3 months of treatment (p = 0.0468) ( Fig. 3 ). In the following months of treatment, a statistically significant increase in the average DBP (7.0-9.8 mm Hg) was observed in relation to the DBP after the therapeutic dose was reached (p < 0.048). After the drug was discontinued, the changes observed in DBP were not significant compared to the results of the pre-withdrawal check-up.
The parameters of mean DBP were normal both before treatment, during outpatient monitoring and after completion of the therapy. Lower DBP values were observed sporadically (3 DBP measurements (0.9%) were below the 5 th percentile) and were asymptomatic.
A detailed analysis of the results of HR and BP measurements during the gradual increase to the full therapeutic dose over 3-4 days during the patient's hospital stay is presented in Table 3 . On average, each patient underwent The average HR values in all the children were within reference values. It was only on the 1 st day that the mean HR values were significantly different from those on other days (p < 0.02). The mean HR values were significantly different in the youngest children (1-3 months of age (p <0.03) and 3-6 months of age (p <0.009)) ( Fig. 4) . The average minimum values of HR in the following days of treatment were also normal (112-105 bpm), with the lowest HR being a single measurement of 78 bpm. There were 6 episodes below the norm; bradycardia was therefore sporadic, as well as asymptomatic.
Minimal HR depended on the day of treatment; it was significantly lower on day 1 in relation to other days (p < 0.0063). It did not depend on the age of the child.
The values of SBP and DBP before treatment (including mean SBP and DBP as well as minimal and maximal values) did not change during treatment days. There were no significant changes in any of the age groups analyzed. During the introduction of propranolol, no average SBP was below the 5 th percentile, whereas there was 1 average DBP below the 5 th percentile.
Laboratory tests
Slightly elevated AST values (max 77U/L with the laboratory reference <32 U/L) were present in 39 children; this was not a contraindication to proceeding with the therapy. During treatment, these values were reduced in 30 children, while they remained elevated in 9. After the end of the treatment, slightly elevated AST values (max 59 U/L) were present in 32 patients. There was a mild elevation in ALT (by 3-14 U/L) in 10 children, but the results were still within the reference values (<39 U/L).
The mean serum glucose concentration was within the normal range before the treatment. Mean glycemia during the 4 days of the drug initiation phase was normal (97.3-98.8 mg/dL). In the study group, only 2 single measurements had below-standard glycemia <60 mg/dL: 56 mg/dL in a child younger than 3 months on the 2 nd day and 58 mg/dL in a child 3-6-month old on the 4 th day. No outbreaks of hypoglycemia were observed during outpatient monitoring. In 3 patients, episodes of asymptomatic hypoglycemia (41-50 mg/dL) were observed during parental home measurements. One child had symptomatic hypoglycemia of 44 mg/dL, manifested by sweating, drowsiness, apathy, and vomiting and requiring hospitalization in the 2 nd week of treatment. These symptoms resolved after a dose reduction.
No ion abnormalities were detected in any of the children.
Evaluation of the treatment proceedings

Drug dosage
The target therapeutic dose was 2 mg/kg/day (1.3-2.2 mg/ kg/day) divided into 2 daily doses. In 6 children, the therapy started with a lower dose (1.3-1.6 mg/kg/day) due to younger age, low body weight and low serum glucose levels, as well as lower BP and HR values. Moreover, extensive skin changes associated with atopic dermatitis and the risk of developing asthmatic symptoms were also reasons for lowering the initial dose. In 5 of these children, the dose was increased to the target dose after 1 month without side effects. In addition, 6 other children required a therapeutic dose reduction to 0.9-1.6 mg/kg/day due to adverse reactions (frequent spitting and vomiting, sleep disturbances, frequent respiratory infections, symptomatic hypoglycemia, reflux, and suspected bronchial asthma). In 4 of these children, the dose reduction resulted in a slightly worse final effect.
Treatment period
The full therapeutic dose period was on average 8.7 months; in the cases of periocular lesions, it was 11.4 months. The total length of treatment, including the gradual withdrawal of the drug (1.5-3 months), was 12 months on average.
Adverse effects
Mild adverse reactions occurred in 17 (33%) children. In this group, single episodes of asymptomatic hypoglycemia (41-50 mg%) were observed in 3 patients, symptomatic hypoglycemia (44 mg%) in 1 patient and sleep disorders in 2 children. Frequent respiratory infections were noted in 3 cases, bradycardia in 1 child, worse body weight gain in 4 children and excessive drowsiness in 1 child. Constipation was observed in 1 patient. In 2 children, it was necessary to perform additional diagnostics for asthma; in 1 of these children, the diagnosis was extended to gastroesophageal reflux.
Discussion
The development of IH is a long process. It is considered that about 30% of untreated lesions involute within a child's first 3 years of life and 50% within 5 years. 8 Accordingly, in about 2 years of observation, IH should disappear in 20% of patients. 9 In the study group, a 3-fold higher rate of hemangioma atrophy was achieved within 8.7 months of treatment with propranolol. This indicates that propranolol contributes significantly to the involution of IH. 
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It is worth emphasizing that the early introduction of propranolol treatment slows down the phase of intensive IH growth, which reduces the risk of cosmetic defects and the need for complementary treatment such as excision or laser therapy. 4 This is supported by the fact that the best results in our study were observed among the patients that were the youngest at the induction of propranolol. This justifies the importance of research on the safety of propranolol, especially for the youngest patients, who are potentially the main beneficiaries of the therapy.
Hengst et al. were the first to present the results of BP, HR and glucose monitoring in 109 children at the average age of 2.8 months during the induction of propranolol in hospital setting. 7 In 3-4 days, the dose was gradually increased from 0.5 mg/kg/day to 2 mg/kg/day. They continued the assessment up to 6 months. However, in contrast to our study, they excluded prematurely born children and those with confirmed heart defects from the study. They observed no hypotension after 3 months of treatment. No clinical signs of hypotension, bradycardia or other adverse events were present. As in our study, HR and laboratory parameters were normal. The authors concluded that in healthy infants, 2 mg/kg/day of propranolol divided into 3 doses is well tolerated and that monitoring of BP during longterm treatment is not necessary. 7 Puttgen et al. also assessed HR, BP and glycemia during the initiation of propranolol treatment. 10 In a study of over 50 patients at a median age of 3.4 months, the treatment was started at a dose of 1 mg/kg/day; on day 2 it was increased to 2 mg/kg/day. All the patients had at least 1 low SBP or DBP, 2/3 (76%) had at least 1 measurement of both low SBP and low DBP, and 14% of the children had an episode of bradycardia. Despite the high incidence of these deviations, they were asymptomatic and did not affect the therapeutic dose. They also showed that children over the age of 6 months presented bradycardia more often than younger infants (p < 0.001). Mean SBP, DBP and HR were significantly reduced between day 1 and day 2 (p = 0.004) but did not change from day 2 to day 3. 10 In our study, only a decrease in HR was observed between the 1 st day of therapy and the remaining days.
In 31 children at the average age of 4.6 months, Liu et al. observed a decrease in SBP during the induction phase by 4 mm Hg, without statistically significant changes in DBP or glycemia. 11 The drug was introduced immediately in the full therapeutic dose of 2 mg/kg/day divided into 3 doses, without a gradual increase. The study suggests that a 24-hour hospitalization with monitoring may not be necessary for otherwise healthy infants. 11 Hypotension is most frequently observed in the first 2 h after administration of the drug. 12 A low incidence of asymptomatic systolic hypotension during the induction phase was observed by Hermans et al. 13 However, the study group was heterogeneous, with a high proportion of premature babies (22.4%); the dose ranged from 1 mg/kg/day to 3 mg/kg/day; and some children were administered steroids. 13 However, in a study by Filippi et al., 19 .2% of premature babies treated with propranolol at doses of 1-2 mg/kg/day developed symptomatic hypotonia, bradycardia or both. 14 Marqueling et al. published a large meta-analysis of 41 reports on 1,264 children (mean age 6.6 months, dose 2.1 mg/kg/day, therapy time 6.4 months), recording BP decreases in 39 children (3%), in 5 of whom (0.4%) it was symptomatic. 15 In the study group, hypotension was asymptomatic and occurred sporadically during both the initiation and maintenance periods. However, on the 2 nd day of the therapy, bradycardia and hypotension were the reasons for discontinuing the drug in 1 child. Another patient was disqualified due to tachycardia.
In our study, a significant reduction in HR was observed during the induction of therapy in comparison to the values before the treatment. The average HR values during the gradual increase in the dosage were all within the normal range. The average HR value on the 1 st day were significantly different from the values on the following days; this was the only statistically significant difference in HR values. The reported cases of bradycardia were sporadic and asymptomatic, as in reports by other authors. 10, 11 The average SBP and DBP values did not change over time and did not significantly differ during the subsequent days of therapy. There was no decrease in SBP below the 5 th percentile, and in the case of mean DBP, such a decrease was recorded only once. These results demonstrate a high level of safety in the introduction of propranolol.
Bradycardia is usually observed in the first 1-3 h of drug administration. 4 Therefore, observation for such a period of time may be sufficient in outpatient conditions. In the study group, asymptomatic bradycardia was observed in only 1 child in the 1 st month of treatment, immediately after administration of the drug. Bradycardia was not registered either in the next Holter examination or during outpatient supervision.
Blood pressure was not monitored outside the induction phase in any of the abovementioned studies except Hengst et al., whose results suggest that BP screening should be performed only in the initial phase of treatment. 7 European and American expert groups recommend monitoring BP in healthy infants only when starting treatment with propranolol and increasing its dose by >0.5 mg/kg/day. 4, 5, 7 Our observations show that continuing treatment at a dose of 2 mg/kg/day is safe. The reduction in HR observed after induction was compensated after 2 weeks, as a result of possible drug tolerance rather than as a result of a relative reduction in the dose as children gained weight. Therefore, it would be reasonable to introduce the drug in ambulatory conditions. Moreover, a few days long break between dosage increases can ensure the safety of the process. The statistically significant decrease in mean SBP and DBP values observed in the first 3 months of our study still remained within the normal range. The hypotensive episodes observed were rare and asymptomatic. This indicates a high degree of safety of propranolol therapy.
In the past, ECGs, ECHO scans and consultations with pediatric cardiologists before, during and after propranolol treatment were obligatory. 16, 17 Some authors, however, question the need for ECHO before starting treatment. 4, 18 Liu et al. recommend performing this test in cases of a heart murmur or a positive interview. 11 Blei et al. analyzed the results of 239 children under 1 year evaluated by a cardiologist before treatment with propranolol. 19 In 21% of the children, ECHO heart abnormalities were found, but as in our study, the ECHO findings were not a contraindication for propranolol therapy. Cardiac contraindications for propranolol are rare (congestive heart failure with myocarditis, second-and third-degree heart block with bradycardia, and hypotension), but cardiac anomalies are more common in the IH population than in the healthy population. 19 At present, the recommended approach is to perform ECG and cardiac consultations in cases of a positive medical history or arrhythmia. 5 Routine ECHO scans are not necessary, except for specific clinical indications, since all other circulatory disorders that are contraindications to propranolol treatment can be assessed during the physical examination and history taking. 5 Recent pharmacokinetic studies showed that propranolol reaches its balance in newborns after 48 h. 14 A retrospective analysis of 24-hour Holter exams conducted 48 h after the 1 st dose of propranolol did not reveal any persistent arrhythmias. 20 Pretreatment laboratory tests allow us to detect possible value disturbances before therapy. Numerous studies have confirmed the low usability of these tests in monitoring treatment due to the low frequency of disturbances, for example hyperkalemia. 21 There are also no indications for routine serum glucose screening during the course of propranolol therapy due to the varied and unpredictable time of occurrence of hypoglycemic episodes. The indications for blood glucose is prematurity or hypertrophy, with growth disorders and hypoglycemia. 5 The first recommendations of propranolol treatment for IH were published in 2013. 4 Hospital treatment was indicated for infants under 8 weeks of corrected age and in the absence of adequate social support, the occurrence of a concomitant pathology of the heart and/or lungs, and glycemic disorders. According to the 2015 recommendations of European experts, the introduction of the drug takes place in a hospital setting. 5 This strictly applies to children under 8 weeks of age, children with a body weight <3.5 kg, premature babies (because the risk of bradycardia and low BP in premature babies is high), children with life-threatening hemangiomas, PHACE syndrome and coexisting cardiovascular and respiratory diseases, impaired glycemic levels, and those with insufficient care in the home environment. 4, 14 Older infants can be hospitalized for part of a 1-day stay. Treatment of older children or a resumption of propranolol treatment can be started on an outpatient basis, with a gradual dosage increase once a week, starting with a dose of 1 mg/kg/day, and ending with a dose of 2 (or 3) mg/kg/day, with BP and HR monitoring before each dose increase and 1 h or 2 h after administration.
The aforementioned group of European experts stated that the therapeutic dose should be in the range of 2 mg/kg/ day to 3 mg/kg/day, administered in 2 or 3 doses. 5 If propranolol is administered in 2 doses, the average serum concentrations of the drug are about 12% higher than with 3 doses per day. 4 In our study group, the treatment was started from 0.5 mg/kg/day and gradually increased to 2 mg/kg/day divided into 2 doses, with high clinical effectiveness.
Adverse effects during propranolol therapy are extremely rare. Transient hypoglycemia is observed in 0.9-11.4% of patients. 4 Inhibition of glycogenolysis, gluconeogenesis and lipolysis by propranolol is considered the most likely cause. Preterm children are particularly predisposed. In our study, asymptomatic hypoglycemia ( 41-50 mg/dL) in the monitoring performed by parents at home occurred in 1 preterm child and 2 other children. Early initiation of treatment in 1 patient (at 7 weeks of age) and co-infection in the others were regarded as the probable causes. Hypoglycemia has been reported in various periods of propranolol treatment, regardless of age. The condition is probably caused by overly long interruptions in feeding or by coinfection. 4 Therefore, parent education in the diagnosis of hypoglycemic symptoms, the importance of frequent feeding, avoiding long breaks between meals, administration of the drug with a meal, and special care in cases of overlapping infections, local infections, vomiting, and/or diarrhea seems to be sufficient, and glucose testing in the treated children seems unnecessary. According to Drolet et al., special care should be taken when introducing treatment before the 8 th week of age. 4 A typical symptom of hypoglycemia is tachycardia, which can be masked by propranolol. Therefore, attention should be paid to other symptoms, such as sweating, drowsiness, loss of appetite, seizures, apneas, fainting, and hypothermia, which may also indicate low blood sugar levels. Fusilli et al. recorded the lowest value of glycemia (15 mg/dL) in a 6-month-old boy during therapy, and convulsions were the first symptom observed. 22 Only a few cases of symptomatic hypoglycemia have been described. [22] [23] [24] [25] In our study group, symptomatic transient hypoglycemia was observed in 1 patient in the 2 nd week of treatment, accompanied by excessive sleepiness, pallor and loss of appetite, which resolved after reducing the daily dose of the drug during hospitalization. It was a unique case report. Perhaps the reason for the hypoglycemia in that child was a coexisting local infection of an ulcerated hemangioma. Accidentally detected episodes of hypoglycemia observed at home were sporadic and were seen in the youngest participants, those prematurely born or with comorbid infections. Our results suggest that performing frequent glycemic measurements during the introduction of propranolol may be unnecessary, which concurs with other authors. 4, 5 Drolet et al. emphasized the possibility of sporadic occurrences of other transient adverse effects, such as bradycardia (0.9-8.7%), respiratory tract infections (1.4-8%), sleep disturbances (3.7-13.5%), low blood pressure (3.1-21%), and gastroesophageal reflux (0.7-6%). Asthma and allergic conditions are contraindications to the use of propranolol, which, as a non-selective inhibitor of β-adrenergic receptors, can cause bronchospasm. The appearance of wheezing or shortness of breath without the symptoms of infection is an indication for discontinuation of propranolol therapy. 4 Symptoms of the central nervous system in the form of sleep disorders or excessive irritability probably result from the easy penetration of the drug into the nervous system. 4 Propranolol is very lipophilic, which in theory may be associated with adverse effects on neurological or cognitive development. 5, 26 The sleep disorders and anxiety observed in 2 of our patients resolved after treatment.
The necessity of discontinuing propranolol treatment due to complications is extremely rare. Only single cases of discontinuing therapy due to life-threatening symptoms are described in the literature. The most frequently mentioned are persistent bradycardia, bronchospasm in the course of respiratory tract infections, asthma, and sudden drops in blood pressure. [27] [28] [29] [30] The fairly high percentage of mild and transient adverse reactions observed in our study (18%) is consistent with the observations of other authors reporting on large groups of patients. 31, 32 Adverse events in long-term ambulatory monitoring should be reported.
Propranolol is an effective and safe drug, which leads to involution of IH in a short time. The numerous benefits and safety of propranolol have been demonstrated in studies involving a large number of patients 13, 15, 33 and 2 randomized trials. 34, 35 Our results indicate a strong basis for shifting propranolol therapy to outpatient settings.
Conclusions
Propranolol is effective, safe and well-tolerated by children with infantile hemangiomas. The positive results of the safety assessment in hospital conditions support the strategy of initiating and maintaining propranolol therapy in the outpatient setting in children with IH. Future studies are needed to assess the benefits of introducing the therapy in the outpatient setting.
